ABSTRACT. The success of immunological method for the control of ticks depend on the use of potential key antigens as tick vaccine candidates. Chitinase is induced by ecdysteroids to degrade the older chitin at the time of molting. Previously, we cloned a gene encoding 113 kDa protein (CHT1) of Haemaphysalis longicornis, and identified the CHT1 as a protein of chitinase (You et al. 2003) . In this study, the recombinant CHT1 (rCHT1) expressed in Escherichia coli was used to immunize mice. The mice were challenge-infested with ticks at different developmental stages of the same species. The rCHT1 stimulated a specific protective anti-tick immune response in the mice as evidenced by the significant longer feeding periods in the larval ticks and significant difference in the egg weights. The molting periods in the ticks fed on the rCHT1-immunized mice tended to be longer than those of the controls. Nymphal ticks fed on the rCHT1-immunized mice showed lower molting rate (76.7%) compared to 96.7% for the control. These results demonstrated that the rCHT1-immunized mice sera implicated on molting step, suggesting that the rCHT1 might be a useful vaccine candidate antigen for biological control of the tick.
The hard tick Haemaphysalis longicornis (H. longicornis) transmits pathogens, including Babesia and Theileria parasites, Borrelia bacteria, and the encephalomyelitis virus [2, 6] . Tick-borne diseases are of the most important vectorborne diseases that cause significant losses to humans as a result of damage to domestic and wild animals. Tick-borne diseases are particularly devastating to livestock, especially cattle, with costs estimated to be about $7 billion per annum [17, 18] . Failure to control ticks and tick-borne diseases is a major factor limiting livestock production world-wide. There are various methods that have been used to suppress tick vector populations. However, widely available practical method to control ticks is only the use of chemical acaricides, but this is associated with serious limitations, such as appearance of acaricide-resistant ticks, environmental and food chain contamination by acaricides, and the growing community awareness regarding the harmful effects of acaricides [22] . Therefore, the development of alternative methods for tick vector control is globally important and urgent.
The use of tick vaccines in mammalian hosts has been shown to be the most promising alternative tick control method to current use of acaricides which suffers a number of limitations. However, the success of this method depend on the identification, cloning, and in vitro expression of tick molecules playing key physiological roles in the biological success of the tick as a vector and pest [4, 13, 20] . Mulenga et al. [14] demonstrated the possibility of a tick vaccine against H. longicornis. They provided an important procedure to identify and produce sufficient amounts of tick antigen candidates for vaccines. We are interested in the molecules which are responsible for control of blood feeding, molting processes and protection from invasion of pathogens in ticks. Previously, we cloned a gene encoding 113 kDa protein (CHT1) of Haemaphysalis longicornis, and identified the CHT1 as a protein of chitinase. In the present study, a possibility of this molecule as the useful vaccine candidates for the tick control was investigated.
MATERIALS AND METHODS

Tick:
The parthenogenetic Okayama strain of the tick H. longicornis [5] maintained by feeding on rabbits and mice for several generations in our laboratory since 2003 was used.
Expression of recombinant CHT1 in E. coli.: The gene encoding CHT1 of H. longicornis was inserted into the EcoRI site of pBluescript SK (+) vector. The CHT1 gene in pBluescript SK (+) vector was subcloned into the pGE-MEX-2 (Promega, Madison, WI) plasmid of E. coli expression vector after digestion with EcoRI. The resulting plasmid pGEMEX-2/CHT1 was checked for accurate insertion by restriction enzyme analyses. pGEMEX-2/CHT1 was used to transform E. coli (JM109 (DE3), Promega, Madison, WI) by standard techniques. The recombinant CHT1 (rCHT1) was expressed as a gene 10 fusion protein, and designated as gene 10-CHT1 protein.
Protein determination: The protein concentration was determined using the BCA protein assay reagent (Pierce, Rockford, Il) with bovine serum albumin as a standard.
Immunization of mice with rCHT1: Eighteen female mice (BALB/c, 8 weeks old) were immunized and challenged with H. longicornis ticks. Of the 18 mice, nine were immunized with whole E. coli lysate expressed rCHT1, and remaining nine were immunized with whole E. coli lysate expressed control gene 10 proteins. One hundred micrograms of the rCHT1 and gene 10 proteins were injected into mice intraperitoneally after emulsifying each with Freund's complete adjuvant. For first and second booster injections, the proteins with Freund's incomplete adjuvant were given at 2-week intervals.
Serological analysis: Host immune responses to the recombinant proteins were determined by immunoblot analysis for individual animals using the methods described previously [23] on nitrocellulose strips with transferred rCHT1 and gene 10 proteins, and the antibody titer was expressed as the highest dilution showing immune reactive bands.
Challenge infestation: When antibody titers reached 1:5,000 to 1:8,000, the mice were challenged with the different developmental stages of H. longicornis ticks. Unfed larvae, nymphs and adults of H. longicornis were fed each on the shaved back of rCHT1 or gene 10 proteins-immunized BALB/c mice using a polypropylene cap which was fixed with a cement mass [7] . Infestations were carried out using 3 adult ticks, 10 nymphs and 30 larvae per mouse, respectively. Visual examinations of the mice were performed post-tick infestation, and the following parameters were recorded: feeding periods, molting periods, molting rates and egg weights. Once the engorged ticks were obtained, they were transferred to individual glass flasks to an incubator at 25C and approximately 85% of relative humidity to allow the egg-laying and molting. Feeding periods were assigned to the time since attachment was observed until engorgement was completed. Molting periods and rates from drop-off to molting were estimated. Egg weights were measured 3 weeks after the dropping.
Animal care and manipulations: Animal care and manipulations in this study were in accordance with the "Chonbuk National University" instructions and ordinances on Animal Welfare and adhered to the "Guide for the Care and Use of Laboratory Animals".
Statistical analysis: All values are given as means with standard errors (M  SE). Comparisons between the mean values in respective groups were conducted using the Student's t test. Differences were considered significant at the 95% confidence level.
RESULTS
The effects of rCHT1 immunization on the feeding and fecundity of the ticks are summarized in Figs. 1, 2 , and 3. No differences in attachment rates were observed during the initial 24 hr after nymphal and adult ticks onto rabbit backs. The feeding period of the larval ticks with fed on the rCHT1-immunized mice were observed to become longer (6.0  0.5 days) compared with that in the control (4.6  0.16 days) (P<0.05, Fig. 1 ). However, no differences were observed in the duration of nymphal and adult ticks fed on the immunized mice (4.6  0.16, 5.5  0.17 days, respectively) in comparison with that in the control mice (4.3  0.16, 5.3  0.16 days, respectively) (Fig. 1) . Molting periods from dropping to molting of the nymphal ticks fed on the rCHT1-immunized mice were 10.8  0.3 days, while the control value was 10.6  0.21 days (Fig. 2) . The molting rate of nymphal ticks fed on rCHT1-immunized mice was lower (76.7%) than that of the control (96.7%). An apparent reduction in egg weights was observed in the adult ticks fed on the rCHT1-immunized mice (134  3.31 mg) compared with the control value (153  7.1 mg) (P<0.05, Fig. 3 ).
DISCUSSION
Vector control is one of the practical options for the control of vector-borne diseases. However, our failure to control ticks and tick-borne disease is a major factor limiting livestock production world-wide. Chitinase has been detected in not only a great variety of organisms, having chitin, such as insects, crustaceans, yeasts and fungi, but also organisms that do not contain chitin, such as bacteria, higher plants and vertebrates. In arthropods, chitinase fulfills its function for molting and digestion [10, 11] . Ticks periodically shed their old cuticles and resynthesize new ones. This process is mediated by the elaboration of chitinase in the molting fluid that accumulates between the old cuticle and the epidermis. It is also reported that chitinase found in the gut has a digestive function in addition to its role in breaking down of chitin present in the gut lining [12] .
In the present study, we demonstrated that recombinant CHT1 protein expressed in E. coli stimulated a specific protective anti-tick immune response in mice, as shown in the statistically significant longer feeding periods for the larval ticks ( Fig. 1 ) and in the statistically significant difference in egg weights (Fig. 3) . These results suggested that the mice immunized with rCHT1 protein acquired a significant level of resistance against H. longicornis infestations and molting steps. The molting period for the ticks that fed on rCHT1-immunized mice tended to be longer than that of the control (Fig. 2) . Kemp et al. [8, 9] provided evidences which might support the hypothesis that immature and mature ticks of Rhipicephalus (Boophilus) microplus have different sensitivities to the host which has acquired resistance against tick molecules. In a series of experiment, Kemp et al. [8, 9] showed that there was an evidence of severe gut damage in both adult female and male R. (B.) microplus ticks feeding on the cattle immunized with R. (B.) microplus-derived extracts. These data are consistent with our present results, demonstrating the vaccine effect of rCHT1 protein against immature and mature H. longicornis ticks fed on the rCHT1-immunized mice. The rCHT1 implicated in the host protective responses to H. longicornis may be identical with function of molting related enzyme. Nymphal ticks that fed on the rCHT1-immunized mice had lower molting rate (76.7%) compared to the control (96.7%). This result means that the rCHT1-immunized mice sera impacted on molting step. Previously, we cloned the H. longicornis CHT1 gene using the plaque screening methods, and revealed that the recombinant CHT1 is glycosylated which able to degrade chitin [24] . Chitinase is induced by ecdysteroids to degrade the older chitin at the time of molting [10, 11] . Molting associated molecules responsible for protecting from invasion of pathogens, control of the peritrophic membrane and other necessary functions during blood feeding and molting in ticks may be candidates for tick control. In the present study, we found that recombinant CHT1 protein expressed in E. coli stimulates a specific protective anti-tick immune response in mice. Willadsen et al. [21] found reduction of the engorged weights and egg laying rates of engorged female ticks. Several candidate antigens have been reported as protective antigens from H. longicornis [1, 15] . These antigens have been revealed to show a specific protective immune response against blood-feeding and digestion of the tick [1, 15] . Tick concealed antigens produce immunity that inhibits tick fecundity, and also prevent tick feeding, whereas tick saliva proteins increase fecundity and facilitated feeding [16, 19] . Recent studies on chitinase have revealed that it may be implicated in host protective responses to the tobacco hornworm, Manduca sexta [3] . In the present study, our data also indicates that rCHT1 protein may play an important role on bloodsucking and molting in H. longicornis tick, suggesting the possibility that H. longicornis CHT1 protein is a potential candidate antigen for a tick vaccine. 
